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Evaluation of titanium surface properties by Nd: YVQu laser irradiation: pilot study

Ae-Ra Kim', DDS, MSD, Ji-Yoon Park?, DDS, MSD, Yeon Kim? DDS, MSD,
Sei-Won Jun?, DDS, MSD, Yoon-Jeong Seo', MSD, Sang-Won Park'*, DDS, PhD
'Department of Prosthodontics, °Department of Dental Science, School of Dentistry, Chonnam National University, Gwangju, Korea

Purpose: This study was conducted to evaluate the roughness and surface alternations of three differently blasted titanium discs treated by Nd: YVOu Laser irradiation in
different conditions. Materials and methods: Thirty commercially pure titanium discs were prepared and divided into three groups. Each group was consisted of 10 samples
and blasted by ZrO: (zirconium dioxide), ALO; (aluminum oxide), and RBM (resorbable blasted media). All the samples were degreased by ultrasonic cleaner afterward. Nine
different conditions were established by changing scanning speed (100, 300, 500 mmy/s) and repetition rate (5, 15, 35 kHz) of Nd: YVO: Laser (Laser Pro D-20, Laserval
Korea®, Seoul, South Korea). After laser irradiation, a scanning electron microscope, X-ray diffraction analysis, energy dispersive X-ray spectroscopic analysis, and surface

roughness analysis were used to assess the roughness and surface alternations of the samples. Results: According to a scanning electron microscope (SEM), titanium discs

treated with laser irradiation showed characteristic patterns in contrast to the control which showed irregular patterns. According to the X-ray diffraction analysis, only ALOs

group showed its own peak. The oxidation tendency and surface roughness of titanium were similar to the control in the energy dispersive X-ray spectroscopic analysis. The

surface roughness was inversely proportional to the scanning speed, whereas proportional to the repetition rate of Nd: YVO.. Conclusion: The surface microstructures and
roughness of the test discs were modified by the radiation of Nd: YVO: laser. Therefore, laser irradiation could be considered one of the methods to modify implant surfaces
for the enhancement of osseointegration. (J Korean Acad Prosthodont 2013,;51:167-74)
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TS 24 F 9lo] 29 glo] date FHSAS
= ‘/F 9\}]\ -

Nd:YVO: @] ©] A (Nd*-doped yttrium vanadate laser)+= &
ZHE AT da] A5 = Nd:YAG #| o] 2] &} f-AFsHA] Nd**
o] &5 ARS8 dlo] A o]tk Nd:YVO: 2% 4:2] Nd* o] &
& Nd:YAG] 7 §-9F v =¢k §7 3 W& ~H ER] S Holu,
F 2 ERC] Ko} o st upgh Nd:YAG Bt o
o 28 £ 9 go]A o]tk Braga 552 Nd:YVO:
gl oA & Wt FAMES ol HistE 1 A &5 HElE
(commercially pure titanium) A| A of] ZA}s}e] EH S| Mg A2
S, & A7) B R A S0k 4agss,
EEo| ALFE W S449 oA <] oA X (energy
density)7} 57}3hed © 71 912 94tk

B o] & Frol| A = ZrO: (zirconium dioxide), ALOs (aluminium
oxide), RBM (resorbable blasted media) ©. 2 £-2} B (blasting) g} A+
& =T Hebg ta3d duyA] S8 173 3 ol A
Nd:YVO: & o] #](Laser Pro D-20, Laserval Korea®, Seoul, South
Korea)2] ARG Z 9} A1 X R (RHE-8)S HEA A dlo]
A 202 D19 % EEke w0 /D7) 2 wne] Wske o

Zgro 2 ool thgk /A ofnlol] thall az-ataizt skl
AT = 2 ah

1. AlEEH|

30709 923 g8 48 <4 Bl ElE(Grade 2, Kobe still Co.,

Japan) (A7 15 mm, 57| 1 mm)& A&l on, 24 7+2E
Table 12} 2t}

Table 1. Crystalline structure of titanium disc

2. 22t2E(blasting)

FHol] 21 2] g Sk vl A (blasting media)el] w4 A&
Table 29} 2Fo] U1t RBM 37 of] o] 8- 8- 65% o] &
of 3182181 4 2} 35% o] 5}] ATCP (ricalciun phosphete), - TCP
TTCP (tetracalcium phosphate), 2] 11 5% ©] 3}-2] T} Q1 k4o
2 /o] 9lom YAkl =71+ 40 mesh (3425 um)7} 5% ©] 3,
40-80 mesh (425-180 um)7} 90% ©] A%, 80 mesh (<180 am)7} 5% ] &}
STk Z7-& 7105 (126 um), AT-E 2548 um 271 9] ALOs AAHE A}
43} t}. Air-bomne particle-abrasion device(Basic master®, Renfert,
Germany)E- ©]-8-af] A FH| gt 2= e o] BlebE 21
o 2 02 2ecm o7l Aol A 1023t Bt B a3t &
2t E Fol = Al H S obA Eoll B 10327 2534 Al 2 gk 5
AZA7) 3 Ho|A & AR e A3} 9% 22 stolA
g o] A& ZAFsh= Al 0 2 o] o] 20 A E S 18 e

3. 20X Z=A}

Eels 19 A& YA NdYVOs#]| o] #](Laser Pro D-20,
Laserval Korea®, Seoul, South Korea) & A-8-319t}. glo| 4 &5
(powen)& 100% (20 W) 51 3 Aol ofl 4| A} = (scanning
speed) = 22} 100, 300, 500 mmys ©_ 2, WHE- B (repetition rate)-<- 5, 15,
35kHzE W12 0] Z 7)) 270 S A Sl THTable3). 4 2
ol 2 g o] A A ZF 1 7R 9] Al H ol Al sk giTh

1) Z 8 (power) - T A1 7F ol L4 #] (%)

2) FA}E X (scamning speed) - ] ©] 2] 7} TS A A R EW S

270 Sh= 45 (mmbs)
3) ¥ B repetition ratc) - 9] A1 H 215 2H(kH?)

Phase Crystalline system Space group”

Cell parameter ( A )? ICSD number®

a-Ti Hexagonal P63/mmc

a=b=2.95,c=4.686 76,144

" Space group: a description of the symmetry of the crystal, » Cell parameter: constant distance between unit cells in a crystal lattice, * ICSD number (Inorganic Crystal

Structure Database ): database of inorganic crystal structure data.

Table 2. Experimental groups used in this study

Group Blasting media Number
Z 710: (-126 ym) 10
A ALO: (254.8 um) 10
R RBM (-530 um) 10

Table 3. Laser irradiation conditions for the experimental specimens

Specimen No. Control SIRS SIR15 SIR35 S3R5 S3R15 S3R35 S5R5 S5R15 S5R35
Power (%)" No 100 100 100 100 100 100 100 100 100
Scanning speed (mm/s)” No 100 100 100 300 300 300 500 500 500
Repetition rate (kHz)” No 5 15 35 5 15 35 5 15 35

" Power - ability to exercise energy per time unit (%), > Scanning speed - scanning speed of laser at the surface of test discs per time unit (mmy/s),” Repetition rate - vibra-

tion quantity of laser irradiation on the particular spot per time unit (kHz).

168

Cetx| st Aets|x] 513 3%, 20134 72



otiet - URR -4 oA WM - MY - LY Nd:YVO: 2f0[xf ZAtol| th2 E|EHs2| EHSY Tot: o] o7

4. NHel 1M EN 2N M, A2 =5 =o]7] el 7 2 W2 7S] Al o thaf 53]
A Al g8t Tt
1) FAPA A ] 7
ZA} A A} & w7 (Field Emission Scanning Electron Microscopy; FE- 5. 84 &4
SEM, S-4700, Hitachi horiba, Japan)-2- ©]-8-8}] 500, 1,0008] &< 4]
ElelE 2] vA] 435 skt glo] A FAISZ o} vHR-S o i Elehw 291 AE7]9 A
HHAE EA 7] 8t o] EAHEA] (two-way ANOVA) F
2)X-A 3174 B4 9 ol A] EAEXA B3R o] SAA ol (P<05)= A 5o T = AlHe- SPSS (SPSS

A| AL BALS Bof| 280t A A ElelFs THe 2% +x version 15.0, SPSS Inc, Chicago, IL, USA)E- o] -8-3}91 T}
9 4R B7ke] ele] XA 34 $40Cny Diffacton;
XRD, XPert, Phillips, Netherlands)#} o] L] #] B-4F XA B354 Z1}
(Energy Dispersive X-ray Spectroscopy; EDX, EX-200, Horiba, Japan)

= Bl Alm EHe B4 A5 Aldskat —Zr/\}xh}au] 1. FAHAEO|dE o 28 ZH o|Mget
73] A A g oke e Atgol o) ofel 7] Als
HAYA7]) = AU A] E4E XA EFEA L o] A E YE i glo] A ZALE Al s1A] ¥ ElEtE WS FAMAANE R
& o] g3t 782 o] &3] ¥ A3} 500, 1000 viEo| A BB WS
Wakd ol gl Bt e 33 A thFig. 1).
3)EH AAY] 54 g o)A AL A2 7F | Al = dute SR A Fe 7t

EFrj& 9 A 27] =4 7] (Portable Roughness Meter-Model e
DH-7, Diavite, Switzerland) 2 o] &3} E]e}w EH 2] A2 7| (Ra)S A
Z43I9 . AA 7= scratch7F P E WEFo = A 59 o

o] A5 F, FASEE Ho}
98 2 S hehick

Fig. 2. SEM micrographs of titanium disc by laser irradiation at original magnification of X 1,000.
A: bead form in group Z, B: wave-like pattern in group A, C: parallel scratch in group R.
* Specimen number is S1R35.
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Fig. 3. The XRD spectra of the Ti specimen surfaces. A: group Z, B: group A, C: group R.
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Fig. 4. The result of EDX analysis in group Z.
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Fig. 6. The result of EDX analysis in group R.
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w9 A 7} gA}SHA UEFYTHFig 7). Fig. 7914 R A% &

J2) 814 @& tzte] EH A2 7 (orage color
line) BT} ] e HU AL/ E Bol ol 250l A JERE A Ko AT 191 Johansson3]} Albrekisson”

STk & 48 &F ElEbEe] dZSHE A7z H Ao Mgolg) 3}
ol EAHEA A3} A T+ Lol A FAR =9 vHE-Eof] u} T} Gottlandero} Albrektsson-& B ¥ ElEbg Y SHES S
£ 2o 7} YA A THP<.05) (Table 5). Aats e, Z7] Al A & 42481 3] 4 (hydroxyapatite) ©]

o WE F UheS Hol 1 47)Y o] FRE & B Ao] T 2
% e 7Y o) Fol = BBk B9 50.75% 2ol o &

Table 4. Surface roughness (Ra) (Mean + SD*) (um) o3 B st dukd o 2 ol ZekEo] TS AA7 &

Z A R
= 23F 22 0] I Z7)sle] Lo =
Control 1.35 £ 0.14 306 + 1.10 3.05 + 047 2 ST Al WA 0] Skt Ff-20] PETa
SIRS 1.34 + 030 1.99 + 0.34 2.58 + 044 EJ_E] AT T AZE ASHEE A YA F ¢ Bo]
SIR15 2.83 £023 2.60 £ 0.26 2.82 £ 049 8o 7M 27| S AL S 91, WS 94317
SIR35 3.31 £ 0.08 3.70 = 0.82 3.68 = 0.63 H 6]_ F9 P2 /A1 Qo] Z X6 BHL 2RI
S3R5 1.04 £ 0.15 1.35+029 2.58 £0.27 W berg 57 717 0] o] Zabe /) ujizel gule] o=
S3R15 1.66 + 0.12 139 + 036 346 + 038 CNeroerg "o = A
S3R35 229 +0.17 230 + 059 351 + 052 GEHT 23 Y EHES o B2 WA A 3] Fo] dolutal
S5R5 0.73 + 0.06 1.98 +0.70 2374024 x%] AA B 2 glo] o3k A 07 H3135lS] Ul 5= Wennerberg
S5R15 1.51 +0.10 2.00 £ 0.64 2.57 £ 047 9} Albrekisson= 1 EHTH= 550 T AR 7|04 A=
S5R35 1.88 = 0.10 219 £ 053 2.88 = 0.12 FBE HZo] =712 Holtty 5491, J=TFE] o] AR o]
*SD: standard deviation
A, B . €
£ A = i B
= 35 = 35 - = 35 . —a
a . A a e il
2 3 g 3 e 3 Pt ~
S 25 : S 2.5 .- S 2.5 : —
g - : g '
é 2 o 2 2 - » g 2 -
g 15 ’ g 15 ~ g 15 SkHz
3 1 3 1 3 1 =B= 45k
§ os : § o5 § os - icsmi:j\
= = =
0 0 - 0
100 300 500 100 300 500 100 300 500
Scanning speed (mm/s) Scanning speed (mm/s) Scanning speed (mm/s)
Fig. 7. Changes of surface roughness by Scanning Speed and Repetition rate: A, group Z; B, group A; C, group R.
Table 5. Two-way ANOVA with scanning speed and repetition rate
Group Source DF Sum of squares Mean square F value P value
Z Scanning speed 2 10.124 5.062 89.824 <.001
Repetition rate 2 16.483 8.242 146.243 <001
Scanning speed*Repetition rate 5 27725 5.545 98.395 <.001
Error 44 248 0.056
Correted Total 49 30.205
A Scanning speed 2 9.01 4.505 10.839 <.001
Repetition rate 2 7481 3.74 8.999 <.001
Scanning speed*Repetition rate 5 20.066" 4.013 9.655 <.001
Error 44 18.288 0416
Correted Total 49 38.354
R Scanning speed 2 2.687 1.344 6.784 .003
Repetition rate 2 5.395 2.698 13.621 <.001
Scanning speed*Repetition rate 5 8.140 1.628 822 <.001
Error 44 8714 0.198
Correted Total 49 16.854
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